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(57) ABSTRACT

An object of the present invention 1s to provide a technology
that enables to enhance the effect of decreasing the NOx
emission achieved by an exhaust gas purification system as a
whole while favorably achieving both reduction in the
amount of NOx generated 1n an internal combustion engine
by means of EGR and reduction reaction of NOx 1n an NOx
catalyst even when a reduction process for the NOx catalystis
performed while EGR 1s being performed. In the invention, in
the case where addition of fuel into an exhaust pipe from a
tuel addition valve 28 1s performed to carry out the reduction
process for the NOx catalyst 20 when EGR 1s being per-
formed mainly by means of a low pressure EGR passage 23,
the amount of the exhaust gas passing through the NOx cata-
lyst 20 1s decreased by decreasing the amount of the exhaust
gas recirculated by the low pressure EGR passage 23.
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EXHAUST GAS PURIFICATION SYSTEM
FOR INTERNAL COMBUSTION ENGINE

TECHNICAL FIELD

The present invention relates to an exhaust gas purification
system for an 1nternal combustion engine equipped with an
exhaust gas recirculation apparatus.

BACKGROUND ART

As technologies of reducing the amount of nitrogen oxides
(which will be hereinafter referred to as “NOX™) emitted to
the atmosphere from an 1nternal combustion engine, exhaust
gas purification systems equipped with an exhaust gas recir-
culation apparatus (which will be hereinafter referred to as an
“BEGR apparatus™) or an exhaust gas purification apparatus
such as NOx catalyst or a particulate filter (which will be
hereinafter referred to as a “filter””) on which an NOx catalyst
1s supported are known.

The NOx catalyst stores NOx 1n the exhaust gas discharged
from an 1nternal combustion engine into it to thereby purily
the exhaust gas.

The EGR apparatus 1s an apparatus that returns a portion of
the exhaust gas to the air intake system of the internal com-
bustion engine to reduce the combustion temperature of the
air-fuel mixture 1n the combustion chamber thereby reducing
the amount of NOx generated 1n the internal combustion
engine.

Japanese Patent Application Laid-Open No. 2004-150319
discloses an internal combustion engine that has a turbo-
charger as a supercharger and 1s equipped with a low pressure
EGR apparatus that recirculates a portion of the exhaust gas
emitted from an NOx catalyst provided downstream of the
turbine of the turbocharger to the intake pipe upstream of the
compressor of the turbocharger 1n addition to a normal EG
apparatus (which will be hereinatiter referred to as a “high
pressure EGR apparatus™) that recirculate a portion of the
exhaust gas 1n the exhaust pipe upstream of the turbine of the
turbocharger to the intake pipe downstream of the compressor
of the turbocharger.

Furthermore, Japanese Patent Application Laid-Open No.
2005-76456 discloses an internal combustion engine
equipped with a high pressure EGR apparatus and a low
pressure EGR apparatus in which when low-temperature
combustion 1s performed 1n the mternal combustion engine,
the amount of the exhaust gas recirculated by the high pres-
sure EGR apparatus and the amount of the exhaust gas recir-
culated by the low pressure EGR apparatus are regulated
based on the required engine load.

Still further, Japanese Patent Application Laid-Open No.
2004-1565772 discloses an EGR apparatus having a high pres-
sure¢ EGR apparatus and a low pressure EGR apparatus 1n
which the amount of the exhaust gas recirculated by the high
pressure EGR apparatus and the amount of the exhaust gas
recirculated by the low pressure EGR apparatus are varied
according to the operation condition of the internal combus-
tion engine.

DISCLOSURE OF THE INVENTION

When EGR 1s performed using the high pressure EGR
apparatus, the amount of the exhaust gas used to drive the
turbine will be decreased by the amount of the exhaust gas
recirculated to the internal combustion engine by the high
pressure EGR apparatus. Accordingly, if a large amount of
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2

EGR 1s performed using the high pressure EGR apparatus,
there 1s a possibility that a sullicient supercharging pressure
cannot be achieved.

On the other hand, when EGR 1s performed using the low
pressure EGR apparatus, since a portion of the exhaust gas 1s
recirculated to the internal combustion engine after driving
the turbine, the supercharging pressure 1s hardly decreased
even 1I the amount of the exhaust gas recirculated to the
internal combustion engine by the low pressure EGR appa-
ratus 1s increased. In addition, since the exhaust gas intro-
duced 1nto the intake passage by the low pressure EGR appa-
ratus will be supplied to the internal combustion engine
together with fresh air by supercharging by the compressor, a
large amount of EGR gas can be introduced mto the internal
combustion engine.

Therefore, achieving a large amount of EGR using the low
pressure EGR apparatus 1s effective i order to reduce the
amount of NOx generated 1n the internal combustion engine.

In internal combustion engines equipped with an NOx
catalyst, a reduction process in which a reducing agent such
as fuel (which will be simply referred to as “tuel” hereinatter)
1s supplied to the NOx catalyst at a time when a certain
amount of NOx has been stored in the NOx catalyst to reduce
and remove the NOX stored 1n the NOx catalyst 1s performed
when appropriate, because the NOXx storage capacity of the
NOx catalyst has a limut.

The method of supplying tuel to the NOx catalyst includes,
for example, adding fuel into the exhaust gas 1n the upstream
of the NOx catalyst. In this case, the fuel added into the
exhaust gas causes a reduction reaction with the NOx stored
in the NOx catalyst while passing through the NOx catalyst
with the exhaust gas. This means that the time period during
which the NOx reduction reaction proceeds favorably 1s lim-
ited within the time period during which the added tuel passes
through the NOx catalyst. For this reason, making the resi-
dence time of the fuel in the NOx catalyst long 1s effective 1n
order to favorably perform the reduction process 1n the NOx
catalyst.

However, at times when a large amount of EGR 1s per-
formed by the low pressure EGR apparatus 1n order to reduce
the amount of NOx generated 1n the internal combustion
engine, Ifresh air and EGR gas are supplied to the internal
combustion engine by supercharging at a high supercharging
pressure by the turbocharger, as described above. Therefore,
the flow rate of the exhaust gas discharged from the internal
combustion engine becomes higher and the space velocity of
the exhaust gas becomes higher. This makes the residence
time of the fuel that passes through the NOx catalyst with the
exhaust gas 1n the NOx catalyst shorter, and there 1s a possi-
bility that the time of reaction of fuel and NOx 1n the reduc-
tion process becomes insuificient. I this 1s the case, there 1s a
possibility that the NOx stored 1n the NOx catalyst 1s not
reduced sufficiently.

The present invention has been made in view of the above
problem and has as an object to provide a technology of
further enhancing the efiect of reducing the NOx emission
achieved by the gas purification system as a whole, wherein
both the reduction of NOx by the EGR and the reduction
process in the NOx catalyst are carried out favorably when the
EGR and the reduction process in the NOx catalyst are per-
formed at the same time.

An exhaust gas purification system according to the
present invention that i1s intended to achieve the above
described object 1s characterized by comprising an exhaust
gas purification apparatus that purifies exhaust gas discharged
from the internal combustion engine, a fuel addition appara-
tus that supplies fuel from upstream of said exhaust gas puri-
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fication apparatus, a turbocharger including a turbine pro-
vided 1n an exhaust pipe upstream of said exhaust gas
purification apparatus and a compressor provided at a point in
an 1ntake pipe of said internal combustion engine, a high
pressure EGR apparatus that recirculates a portion of exhaust
gas 1n the exhaust pipe upstream of said turbine into the intake
pipe downstream of said compressor, a low pressure EGR
apparatus that recirculates a portion of exhaust gas 1n the
exhaust pipe downstream of said exhaust gas purification
apparatus into the intake pipe upstream of said compressor,
and a control unit for controlling the amount of the exhaust
gas recirculated by said high pressure EGR apparatus and/or
the amount of the exhaust gas recirculated by said low pres-
sure EGR apparatus to control the amount of the exhaust gas
passing through said exhaust gas purification apparatus, when
tuel 1s supplied to said exhaust gas purification apparatus
from said fuel addition apparatus.

By this configuration, the amount of the exhaust gas pass-
ing through the exhaust gas purification apparatus can be
controlled by controlling the amount of the exhaust gas recir-
culated by the high pressure EGR apparatus (which amount
will be hereinatter referred to as the “high pressure EGR gas
amount™) and/or the amount of the exhaust gas recirculated
by the low pressure EGR apparatus (which amount will be
heremnafter referred to as the “low pressure EGR gas
amount”).

The high pressure EGR gas amount and the low pressure
EGR gas amount that optimize the exhaust gas purification
elfect achieved by the EGR (which amounts will be herein-
alter referred to as the “first set amounts”) and the high
pressure EGR gas amount and the low pressure EGR gas
amount that optimize the exhaust gas purification eflect
achieved by the exhaust gas purification apparatus (which
amounts will be hereinatfter referred to as the “second set
amounts™) may differ from each other 1n some cases.

According to the present invention, in such cases, the high
pressure EGR gas amount and the low pressure EGR gas
amount at the time when the exhaust gas purification by the
exhaust gas purification apparatus 1s performed may be con-
trolled to imtermediate values between the first set amounts
and the second set amounts.

When the high pressure EGR gas amount and the low
pressure EGR gas amount are controlled 1n this way, there 1s
a possibility that the exhaust gas purification effect achieved
by the EGR 1s decreased to an extent. However, the exhaust
gas purification by the EGR and the exhaust gas purification
by the exhaust gas purification apparatus can both be carried
out appropriately by determining the aforementioned inter-
mediate values 1n such a way that the degree of increase 1n the
exhaust gas purification effect achieved by the exhaust gas
purification apparatus becomes larger as compared to the
degree of decrease in the exhaust gas purification eflect
achieved by the EGR.

As aresult, 1t becomes possible to control the amount of the
exhaust gas passing through the exhaust gas purification
apparatus when the exhaust purification by the exhaust gas
purification apparatus 1s performed, so that the exhaust gas
purification effect achieved by the exhaust gas purification
system as a whole can be enhanced.

For example, 1n a case where an NOx catalyst 1s provided
as the exhaust gas purification apparatus, fuel 1s supplied to
the NOx catalyst from the fuel addition apparatus 1n order to
carry out a reduction process of reducing NOx or SOXx stored
in the NOx catalyst to thereby restore the NOx storage ability
of the NOx catalyst.

In the exhaust gas purification system for an internal com-
bustion engine configured as above, 1n cases where recircu-
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4

lation of the exhaust gas by the low pressure EGR apparatus
1s performed at the time when the fuel addition 1n this reduc-
tion process 1s being performed, the low pressure EGR gas
amount may be made smaller as compared to when the reduc-
tion process 1s not performed.

By doing so, 1n the normal time or the time 1n which the
reduction process 1s not being performed, the amount of NOx
generated 1n the internal combustion engine can be reduced to
a large extent by introducing a large amount of EGR gas into
the mternal combustion engine by means of the low pressure
EGR apparatus. In addition, 1in the time during which the
reduction process 1s being performed, 1t 1s possible to prevent
the amount of the exhaust gas passing through the NOX cata-
lyst from becoming unduly large, and therefore a suificient
time for reaction of the fuel added 1nto the exhaust gas by fuel
addition (which tuel will be hereinafter referred to as the
“added fuel”) 1n the NOx catalyst can be ensured to be pro-
vided, and the NOX storage ability of the NOx catalyst can be
restored satisfactornly.

Consequently, also 1n the time 1n which the reduction pro-
cess 15 being performed, the NOx emission reduction effect
achieved by the exhaust gas purification system as a whole
can further be enhanced even if the possibility of a certain
degree of deterioration 1n the effect of the EGR 1n reducing
the amount of NOx generated 1n the internal combustion
engine 1s taken 1nto account.

Furthermore, since the low pressure EGR gas amount 1s
decreased when the fuel addition 1s performed, inflowing of
unburned components contained in the added fuel into the
intake system and the low pressure EGR apparatus can be
decreased. This enables to decrease griming and performance
deterioration of the low pressure EGR apparatus and the
intake system.

The activity of the reduction reaction of the NOx or SOx
(which will be hereinafter referred to as the “reduction reac-
tion”’) 1n the reduction process depends on the condition of the
NOx catalyst. Specifically, the higher the degree to which the
NOx catalyst 1s activated 1s, the more easily the reduction
reaction can proceed.

In view of this, 1n the exhaust gas purification system
according to the present mvention, 1f the temperature of the
NOx catalyst at the time when the reduction process 1s per-
formed 1s lower than a predetermined temperature, the degree
of decrease 1n the low pressure EGR gas amount may be made
smaller as compared to when the temperature of the NOx
catalyst 1s higher than or equal to the predetermined tempera-
ture. The predetermined temperature 1s a temperature of the
NOx catalyst at which it can be considered that the NOx
catalyst 1s sufliciently activated, and the predetermined tem-
perature 1s determined in advance by experiments.

This 1s because the NOx catalyst 1s not activated suili-
ciently when the temperature of the NOx catalyst 1s low and
hence the effect of the NOx reduction reaction 1s hard to be
enhanced even 11 a suificient time for reduction reaction of the
added fuel 1n the NOx catalyst 1s ensured to be provided by
decreasing the low pressure EGR gas amount to a large
extent.

Therefore, when the temperature of the NOx catalyst 1s
low, to enhance the effect of decreasing the amount of NOx
generated 1n the internal combustion engine by the EGR by
making the degree of decrease in the low pressure EGR gas
amount smaller 1s preferable 1n enabling to enhance the NOx
emission reduction effect achieved by the exhaust gas purifi-
cation system as a whole.

The activity of reduction reaction by the added fuel in the
reduction process depends on the amount of NOx that the
NOx catalyst can further store at the time when the reduction
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process 1s performed (which amount will be heremafter
referred to as the “‘storage capacity to spare™). Specifically,
the larger the storage capacity to spare of the NOx catalyst 1s,
the more easily the reduction reaction by the added fuel tends
to proceed.

In view of this, 1n the exhaust gas purification system
according to the present invention, the degree of decrease 1n
the low pressure EGR gas amount may be determined in
accordance with the storage capacity to spare of the NOx
catalyst at the time when the reduction process 1s performed.
Specifically, the larger the storage capacity to spare of the
NOx catalyst 1s, the smaller the degree of decrease 1n the low
pressure EGR gas amount may be made.

This 1s because 1n the case where the storage capacity to
spare ol the NOx catalyst at the time when the reduction
process 1s performed 1s large, the reduction process proceeds
suificiently even 11 the time for the reaction of the added fuel
in the NOx catalyst 1s shortened to some extent and hence the
elfect of the reduction reaction 1s hard to be decreased.

Theretfore, 1n the case where storage capacity to spare of
the NOx catalyst 1s large, to enhance the effect of decreasing,
the amount of NOx generated 1n the internal combustion
engine by the EGR by making the degree of decrease in the
low pressure EGR gas amount smaller 1s preferable in
enabling to enhance the NOx emission reduction eifect
achieved by the exhaust gas purification system as a whole.

Since the change in the EGR gas amount introduced nto
the internal combustion engine can be made smaller by con-
trolling the degree of decrease in the low pressure EGR gas
amount approprately in accordance with the condition of the
NOx catalyst as described above, changes 1n the torque and
changes in the combustion noise can also be reduced. As a
result, the effect of improving drivability 1s also achieved.

As described above, when the EGR 1s performed by means
of the low pressure EGR apparatus, the temperature of the
exhaust gas discharged from the internal combustion engine
tends to become lower, since the mixture of a large amount of
exhaust gas and fresh air 1s mtroduced 1nto the internal com-
bustion engine.

On the other hand, when the EGR 1s performed by means of
the high pressure EGR apparatus, the temperature of the
exhaust gas discharged from the internal combustion engine
tends to become higher, since the amount of the exhaust gas
recirculated to the internal combustion engine 1s smaller as
compared to when the EGR 1s performed by means of the low
pressure EGR apparatus.

Thus, 1n the exhaust gas punfication system according to
the present invention, 1t 1s possible to control the temperature
ol the exhaust gas passing through the NOx catalyst by regu-
lating the high pressure EGR gas amount and the low pressure
EGR gas amount to thereby control the temperature of the
NOx catalyst.

For example, 1n order for the reduction reaction of the
added tuel 1n the reduction process to proceed appropriately,
it 1s necessary that the NOx catalyst 1s suificiently activated.
For this reason, a catalyst temperature raising process of
raising the temperature of the NOx catalyst 1s generally per-
formed 1n advance before performing the reduction process.

In view of this, 1n the exhaust gas purification system
according to the present invention, when the catalyst tempera-
ture raising process 1s performed, the high pressure EGR gas
amount may be made larger as compared to when the catalyst
temperature raising process 1s not performed.

This makes the temperature of the exhaust gas passing
through the NOx catalyst higher, and hence the time required
for the catalyst temperature raising process can be made
shorter.
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As a result, the reduction process can be performed earlier,
and the effect of the reduction reaction can further be
enhanced.

It 1s known that the NOx storage reaction of the NOx
catalyst proceeds most easily when the temperature of the
NOx catalyst 1s 1n a specific temperature range.

In view of this, in the exhaust gas purification system
according to the present invention, when the reduction pro-
cess 1s not being performed, the high pressure EGR gas
amount and/or the low pressure EGR gas amount may be
controlled 1n such a way that the temperature of the NOx
catalyst falls within this specific temperature range.

This enables to enhance the efficiency of NOx storage of
the NOx catalyst, and the exhaust gas can be purified more
reliably.

In the case where a PM filter 1s provided as an exhaust gas
purification apparatus in the exhaust gas purification system
according to the present invention, fuel 1s supplied to the PM
filter from a fuel addition apparatus when appropriate to
perform a filter regeneration process in which particulate
matter (which will be heremaftter referred to as “PM”) col-
lected on the PM filter 1s oxidized and removed to thereby
restore the PM collecting ability of the PM filter.

If the amount of the exhaust gas passing through the PM
filter 1s small when the filter regeneration process 1s per-
formed, the added fuel 1s hard to be diffused all over the PM
filter, and there 1s a possibility that a local portion 1n which the
concentration of the fuel 1s high 1s generated 1n the PM filter
to cause an excessive temperature rise or that a long time 1s
required to complete oxidation of the PM deposited on the
PM filter.

In view of this, 1n the case of an exhaust gas purification
system provided with a PM filter as an exhaust gas purifica-
tion apparatus, when the filter regeneration process 1s per-
formed, the low pressure EGR gas amount may be made
larger as compared to when the filter regeneration process 1s
not performed.

This makes the amount of the exhaust gas passing through
the PM filter larger when the filter regeneration process 1s
performed, and accordingly the added fuel will be diffused
over a large area of the PM filter 1n a short time. Consequently,
the PM deposited on the PM filter can be oxidized and
removed elliciently. In addition, since the temperature of the
low pressure EGR gas 1s relatively low, the heat of the oxida-
tion reaction of PM generated 1n the filter regeneration pro-
cess will be discharged efficiently, and therefore an excessive
temperature rise of the PM {ilter can be prevented.

The activity of the oxidation reaction of PM 1n the filter
regeneration process depends on the temperature of the PM
filter. Specifically, the higher the temperature of the PM filter
1s, more easily the oxidation reaction of PM tends to proceed.
For this reason, a filter temperature raising process of raising
the temperature of the PM filter 1s generally performed in
advance before performing the filter regeneration process.

In view of this, 1n the exhaust gas purification system
according to the present invention, when the filter tempera-
ture raising process 1s performed, the high pressure EGR gas
amount may be made larger as compared to when the filter
temperature raising process 1s not performed.

This makes the temperature of the exhaust gas passing
through the PM filter higher, and hence the time required for
the filter temperature raising process can be made shorter. As
a result, the regeneration process can be performed earlier,
and hence the PM removing effect of the PM filter can further
be enhanced.

The exhaust gas purification effect achieved by the exhaust
gas purification apparatus 1n the exhaust gas purification sys-
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tem according to the present invention depends on a nature of
the fuel added to the exhaust system of the internal combus-
tion engine by fuel addition.

In view of this, in the exhaust gas purification system
according to the present invention, the amount of the exhaust
gas passing through the exhaust gas purification apparatus
may be controlled based on the nature of the added fuel.

For example, 1n a case where a fuel that 1s light and easy to
evaporate by 1ts nature 1s used, the added fuel will evaporate
in a short time to change the air-fuel ratio of the exhaust gas
to be richer to a large extent. However, since the time over
which the air fuel ratio of the exhaust gas 1s changed to be
richer 1s short, there 1s a possibility, for example 1n the reduc-
tion process for the NOx catalyst, that a suilicient time for the
reduction reaction of the added fuel 1n the NOX catalyst 1s not
provided and the NOx purnification effect 1s deteriorated.

Thus, 1n this case, 1t 1s preferred that the low pressure EGR
gas be made smaller at the time of fuel addition.

This enables to decrease the amount of the exhaust gas
passing through the exhaust gas purification apparatus and
makes 1t possible to increase the time over which the air-fuel
ratio of the exhaust gas passing through the NOx catalyst 1s
shifted to a richer value upon fuel addition.

On the other hand, 1n a case where a fuel that 1s hard to
evaporate by its nature 1s used, there 1s a possibility that the
air-fuel ratio of the exhaust gas 1s not changed to be richer
suificiently even when the fuel addition 1s performed. Then,
since, for example 1n the case of the NOx catalyst, the reduc-
tion reaction proceeds on condition that the ambient atmo-
sphere 1s made to be richer above a certain level, there 1s a
possibility that the NOx removing effect 1s deteriorated.

Thus, 1n this case, it 1s preferred that the low pressure EGR
gas amount be increased at the time of fuel addition.

This enables to increase the amount of the exhaust gas
passing through the exhaust gas purification apparatus and
promotes evaporation of the added fuel, whereby 1t 1s possible
to change the air-fuel ratio of the exhaust gas to be richer more
reliably at the time of fuel addition.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram schematically showing the general
configuration of an iternal combustion engine according to
an embodiment of the present invention.

FIG. 2 1s a flow chart of a routine of controlling the amount
of the exhaust gas passing through an NOx catalyst 1n the
embodiment of the present invention.

FI1G. 3 shows changes in the air-fuel ratio of the exhaust gas
passing through the NOx catalyst, the amount of the exhaust
gas passing through the NOx catalyst and the amount of the
NOx emitted from the NOx catalyst with time when a control
of the amount of the exhaust gas passing through the NOx
catalyst 1s performed 1n the embodiment of the present inven-
tion.

THE BEST MODE FOR CARRYING OUT THE
INVENTION

In the following, the best mode for carrying out the present
invention will be described 1n detail by way of example.

Embodiment 1

FIG. 1 schematically shows an embodiment of an internal
combustion engine to which the present invention 1s applied.
The internal combustion engine 1 shown 1n FIG. 1 1s a diesel
engine having four cylinders 2. The internal combustion
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engine 1 1s provided with fuel 1njection valves 3 that inject
tuel directly 1nto the combustion chambers of the respective
cylinders 2.

To the internal combustion engine 1 1s connected an intake
manifold 8, and each branch pipe of the intake manifold 8 1s
in communication with the combustion chamber of each cyl-
inder 2 through an intake port (not shown). A compressor
housing 15a of a turbocharger 15 that operates using the
energy of the exhaust gas as the drive source 1s provided at a
point 1n an ntake pipe 9 connected to the intake manifold 8.

An air cleaner 4 1s provided upstream of the compressor
housing 15a. The air cleaner 4 1s provided with an air tlow
meter 11 that outputs a signal indicative of the quantity of air
flowing into the intake pipe 9 to an ECU 35.

An imtercooler 13 for cooling intake air flowing in the
intake pipe 9 1s provided downstream of the compressor hous-
ing 15a. A throttle valve 12 that can regulate the intake air
quantity 1s provided downstream of the intercooler 13.

To the internal combustion engine 1 1s connected an
exhaust manifold 18, and each branch pipe of the exhaust
manifold 18 1s 1n communication with the combustion cham-
ber of each cylinder 2 through an exhaust port. The exhaust
manifold 18 1s connected with a turbine housing 155 of the
turbocharger 15 via the joined portion 16 thereof. The turbine
housing 155 1s connected with an exhaust pipe 19, which
leads to the atmosphere 1n the downstream.

The exhaust manifold 18 1s provided with a tuel addition
valve 28 having an injection port arranged 1n such a way as to
face into the exhaust manifold 18. The fuel added into the
exhaust manifold 18 through the fuel addition valve 28 flows
in the exhaust pipe 19 with the exhaust gas to reach an NOx
catalyst 20.

The storage reduction type NOx catalyst 20 (which will be
hereinafter referred to as the “NOx catalyst™) 1s provided at a
point in the exhaust pipe 19.

The NOx catalyst 20 stores NOx 1n the exhaust gas when
the oxygen concentration 1n the inflowing exhaust gas 1s high
and releases the NOx stored therein when the oxygen con-
centration in the mnflowing exhaust gas 1s low. In connection
with this, if there are reducing components such as fuel in the
exhaust gas 1n the surrounding thereot, reduction reaction of
the released NOx and the fuel occurs on the NOx catalyst,
whereby NOX 1s reduced and removed.

The exhaust manifold 18 and the intake manifold 8 are 1n
communication via a high pressure EGR passage 25.

At a point 1n the high pressure EGR passage 25, there 1s
provided a high pressure EGR valve 26 composed of an
clectromagnetic valve or the like to change the amount of
exhaust gas flowing in the high pressure EGR passage 25
(which amount will be hereinafter referred to as the “high
pressure EGR gas amount™) responsive to the magnmitude of
the voltage applied thereto. A high pressure EGR cooler 27

for cooling the high pressure EGR gas 1s provided upstream
of the high pressure EGR valve 26.

When the high pressure EGR valve 26 1s opened, the high
pressure EGR passage 25 1s brought into a state where gas can
pass through 1t, and a portion of the exhaust gas tlowing in the
exhaust manifold 18 flows into the high pressure EGR pas-
sage 25 and recirculates to the intake manifold 8 after passing
through the high pressure EGR cooler 27.

The high pressure EGR gas recirculated to the intake mani-
fold 8 1s mixed with intake air that flows into the intake
manifold 8 through the intake pipe 9 and 1ntroduced into the
combustion chamber of each cylinder 2.

When the EGR using the high pressure EGR passage 25 1s
being performed, the amount of the exhaust gas recirculated
to the mternal combustion engine 1 1s relatively small, and




US 7,937,207 B2

9

accordingly the temperature of the exhaust gas discharged
from the internal combustion engine tends to become rela-
tively high.

The exhaust pipe 19 downstream of the NOx catalyst 20
and the intake pipe 9 upstream of the compressor housing 15a
1s 1n communication through a low pressure EGR passage 23.

At a point 1n the low pressure EGR passage 23, there 1s
provided a low pressure EGR valve 5 composed of an elec-
tromagnetic valve or the like to change the amount of exhaust
gas flowing in the low pressure EGR passage 23 (which
amount will be heremaiter referred to as the “low pressure
EGR gas amount™) responsive to the magnitude of the voltage
applied thereto. A low pressure EGR cooler 24 for cooling the
low pressure EGR gas 1s provided upstream of the low pres-
sure¢ EGR valve §.

When the low pressure EGR valve 5 1s opened, the low
pressure EGR passage 23 1s brought into a state where gas can
pass through it, and a portion of the exhaust gas tlowing out of
the NOx catalyst 20 flows 1nto the low pressure EGR passage
23 and recirculates to the intake pipe 9 upstream of the com-
pressor housing 15a after passing through the low pressure
EGR cooler 24.

The low pressure EGR gas recirculated to the intake pipe 9
1s mixed with fresh air that flows 1nto the intake pipe 9 through
the air cleaner 4, compressed by a compressor provided 1n the
compressor housing 154 and introduced 1nto the combustion
chamber of each cylinder 2.

When the EGR 1s being performed using the low pressure
EGR passage 23, a large amount of exhaust gas can be recir-
culated to the internal combustion engine 1, and accordingly
the temperature of the exhaust gas discharged from the inter-
nal combustion engine 1 tends to become relatively low.

With recirculation of a portion of the exhaust gas to the
internal combustion engine 1 through the high pressure EGR
passage 25 and/or the low pressure EGR passage 23, the
combustion temperature of the mixture 1n the combustion
chambers of the internal combustion engine 1 becomes lower,
and the amount of NOx generated 1n the combustion process
1s reduced.

The mternal combustion engine 1 1s provided with a crank
position sensor 33 that outputs an electrical signal indicative
ol the rotational position of the crankshaft and a water tem-
perature sensor 6 that outputs an electrical signal indicative of
the temperature of the cooling water. The exhaust pipe 19 1s
provided with an exhaust gas temperature sensor 7 that
detects the temperature of the exhaust gas flowing in the
exhaust pipe 19. A fuel supply apparatus 14 that supplies tuel
to the fuel addition valve 28 and the fuel injection valves 3 1s
provided with a fuel sensor 10 that detects natures such as
evaporativity of the fuel.

Each of these sensors 1s connected with the ECU 35 so that
the output signal thereof 1s input to the ECU 35.

Each of the high pressure EGR valve 26, the low pressure
EGR valve 3, the fuel addition valve 28, the fuel 1njection
valves 3 and the throttle valve 12 1s electrically connected
with the ECU 35 and controlled by a control signal output
from the ECU 35.

The ECU 335 controls the operation of the mternal combus-
tion engine 1 based on signals mput from the respective
sensors and controls also the flow rate of the exhaust gas
passing though the NOx catalyst 20 (which will be hereinafter
referred to as the “catalyst pass-through exhaust gas
amount”).

Since the amount of the NOx that can be stored 1n the NOx
catalyst 20 has an upper limait, 1n this embodiment NOx stored
in the NOx catalyst 20 1s caused to be released appropriately,
at a time when a certain amount of NOx has been stored in the
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NOx catalyst 20, by adding fuel into the exhaust gas through
the fuel addition valve 28 (which will be hereinafter referred
to as “fuel addition™) to change the ambient atmosphere of the
NOx catalyst 20 into a reducing atmosphere. At this time, the
fuel added by the fuel addition (which will be hereinafter
referred to as “added fuel”) reaches the NOx catalyst 20 with
the exhaust gas and reduces the NOx released from the NOx
catalyst 20, whereby the NOx 1s removed (the above
described process will be referred to as the “reduction pro-
cess”).

In the reduction process, since the NOx reduction reaction
proceeds while the added fuel passes through the NOx cata-
lyst 20 with the exhaust gas, the time period during which
NOx 1s released from the NOx catalyst 20, reduced and
removed efficiently 1s limited within the time period during
which the added fuel 1s passing through the NOx catalyst 20.
Therefore, 1n order to remove NOXx efficiently by the NOx
catalyst 20, 1t 1s preferred to decrease the catalyst pass-
through exhaust gas amount to thereby provide a suificient
time for reaction of the added fuel i the NOx catalyst 20.

On the other hand, the larger the EGR gas amount 1s, more
clfectively the amount of NOx generated 1n the internal com-
bustion engine 1 1s reduced. For this reason, to enhance the
elfect of reducing the amount of NOx generated 1n the inter-
nal combustion engine achieved by the EGR, it 1s advanta-
geous to perform a large amount of EGR using the low pres-
sure EGR passage 23.

However, when a large amount of EGR 1s performed using,
the low pressure EGR passage 23, the catalyst pass-through
exhaust gas amount 1s also becomes large, and hence there 1s
a possibility that the NOx reduction reaction in the NOx
catalyst 20 does not proceed appropriately.

As per the above, since the high pressure EGR gas amount
and the low pressure EGR gas amount to maximize the effect
of reducing the amount of NOx generated in the internal
combustion engine 1 achieved by the EGR (these EGR gas
amounts will be heremaiter referred to as the “first set
amounts”™) and the high pressure EGR gas amount and the low
pressure EGR gas amount to maximize the effect of the NOx
reduction reaction 1n the NOx catalyst 20 (these EGR gas
amounts will be herematter referred to as the “second set
amounts”) are different from each other, there has been a
possibility that the reduction process for the NOx catalyst 20
1s not performed appropnately.

On the other hand, 1n this embodiment when the reduction
process 1s performed, the low pressure EGR gas amount 1s
reduced concurrently with fuel addition thereby reducing the
catalyst pass-through exhaust gas amount.

This ensures to provide a suificient time for reaction of the
added fuel in the NOx catalyst 20, whereby the NOx remov-
ing eifect of the NOx catalyst 20 can be enhanced.

In this case, since the low pressure EGR gas amount 1s
decreased, there 1s a possibility that the effect of reducing the
amount of NOx generated 1n the mternal combustion engine
1 achieved by the EGR decreases to some degree. However, it
1s possible to enhance the NOx emission reducing effect
achieved by the exhaust gas purification system as a whole by
setting the degree of reduction 1n the low pressure EGR gas
amount so that the degree to which the effect of reduction
reaction in the NOx catalyst 20 1s increased becomes larger
than the degree of decrease in the NOx generation amount
reducing eifect.

Furthermore, since the low pressure EGR gas amount 1s
decreased at the time when the fuel addition 1s performed, the
amount of unburned components contained in the added fuel
flowing into the low pressure EGR passage 23 1s decreased.
This makes it possible to prevent the unburned fuel from




US 7,937,207 B2

11

flowing into equipments such as the low pressure EGR cooler
24, the low pressure EGR valve 5, the intake pipe 9, the turbo
charger 15 and the intercooler 13 to cause griming or dete-
rioration of performance.

In the following, control of the catalyst pass-through
exhaust gas amount performed by the ECU 35 will be
described with reference to FIG. 2. FIG. 2 1s a flow chart of a
routine for performing the control of the catalyst pass-
through exhaust gas amount. This routine 1s executed repeat-
edly by the ECU 35 at predetermined intervals.

First in step 201, the ECU 35 detects the operation state of
the internal combustion engine 1. Specifically, the ECU 35
detects the engine speed Ne of the internal combustion engine
1 by means of the crank position sensor 33, detects the water
temperature Te by means of the water temperature sensor 6
and calculates the fuel 1njection quantity Qf based on a con-
trol signal for the fuel injection valve 3 supplied by the ECU
35.

In step 202, the ECU 35 detects a nature of the added fuel.
Specifically, the ECU 33 detects the evaporativity J of the fuel
by means of the fuel sensor 10. The evaporativity J of the fuel
1s a parameter indicative of the degree of ease of evaporation
of the fuel added through the fuel addition valve 28 1n the
exhaust gas. The lighter the fuel 1s, the higher that evaporat-
vity J 1s.

Subsequently, 1 steps 203 to 209, the ECU 35 sets the low
pressure EGR gas amount and the high pressure EGR gas
amount 1n such a way to optimize the effect of reducing the
NOx emission achieved by the exhaust gas purification sys-
tem as a whole at the time when the reduction process 1s not
being performed.

Specifically, first i step S203, the ECU 35 calculates the
first set amounts for the low pressure EGR gas amount LEGR
and the high pressure EGR gas amount HEGR 1n accordance
with the operation state of the internal combustion engine 1
and the evaporativity J of the fuel. Then, the ECU 35 controls
the degree of opening of the low pressure EGR valve 5 and the

high pressure EGR valve 26 using the calculated values as
control target values for the low pressure EGR gas amount
LEGR and the high pressure EGR gas amount HEGR.

Subsequently, 1n steps 204 to 207, the ECU 35 controls the
low pressure EGR gas amount LEGR and the high pressure
EGR gas amount HEGR 1n such a way that the catalyst bed
temperature Thed of the NOx catalyst 20 falls within a pre-
determined temperature range. In this connection, the prede-
termined temperature range 1s a range of the catalyst bed
temperature 1n which the NOx storage efliciency of the NOx
catalyst 20 1s high, and the predetermined temperature range
1s determined 1n advance by experiments.

First in step 204, the ECU 35 detects the catalyst bed
temperature Thed of the NOx catalyst 20. The catalyst bed
temperature Thed may be measured directly by a temperature
sensor attached to the NOx catalyst 20 or the exhaust gas
temperature detected by the exhaust gas temperature sensor 7
may be substituted for 1t.

In step 205, the ECU 35 determines whether the catalyst
bed temperature Thed of the NOx catalyst 20 detected 1n said
step 204 1s lower than the lower limit value Thedmin of the
above mentioned predetermined temperature range or not.

If the determination 1n step 205 1s affirmative
(Tbed<Thedmin), the ECU 33 proceeds to step 208, where it
increases the high pressure EGR gas amount HEGR so as to
raise the catalyst bed temperature Thed of the NOx catalyst 20
(HEGR<—HEGR+AH1). After execution of step 208, the
ECU returns to step 204. At this time, the low pressure EGR
gas amount LEGR may be decreased (LEGR<—LEGR-AL1).
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On the other hand, if the determination in step 205 1s
negative (ITbed=Tbedmin), the ECU 35 proceeds to step 206,
where 1t determines whether the catalyst bed temperature
Thbed of the NOx catalyst 20 1s higher than the upper limait
value Thedmax of the above mentioned predetermined tem-
perature range or not.

If the determination 1 step 206 1s affirmative
(Tbed>Tbhedmax), the ECU 35 proceeds to step 207, where it
increases the low pressure EGR gas amount so as to lower the
catalyst bed temperature Tbed of the NOx catalyst 20
(LEGR<—LEGR+AL2). After execution of step 207, the ECU
35 returns to step 204. At this time, the high pressure EGR gas
amount HEGR may be decreased (HEGR<—HEGR-AH2).

Since the EGR using the low pressure EGR passage 23 and
the EGR using the high pressure EGR passage 25 have dii-
ferent effects on the temperature of the exhaust gas dis-
charged from the internal combustion engine 1, the tempera-
ture of the exhaust gas passing through the NOx catalyst 20
can be controlled by controlling the low pressure EGR gas
amount LEGR and the high pressure EGR gas amount
HEGR. This enables to control the temperature of the NOx
catalyst 20.

If the determination in the aforementioned step 206 1s
negative (Thed=Tbhedmax), the ECU 33 proceeds to step 209
with a determination that the catalyst bed temperature of the
NOx catalyst 20 falls within the temperature range in which
the NOx storing etficiency 1s high.

In step S209, the ECU 35 determines whether a condition
that requires execution of the reduction process for the NOx
catalyst 20 1s met or not.

Specifically, the ECU 35 determines whether or not the
amount of NOx stored 1n the NOx catalyst 20 exceeds a
predetermined stored amount. The predetermined stored
amount 1s determined based on the upper limit value of stored
NOx amounts with which the NOx catalyst 20 can exhibit an
appropriate NOX storage ability.

If the determination 1n step 209 1s affirmative, the ECU 35
proceeds to execution of the reduction process from step 210
onward with a determination that 1t 1s necessary to perform
the reduction process for the NOx catalyst 20 to reduce the
NOx stored therein.

On the other hand, if the determination in step 209 1s
negative, the ECU 35 terminates the execution of this routine.

In steps 210 to 213, the ECU 33 executes a catalyst tem-
perature raising process for the NOx catalyst 20.

First 1n step 210, the ECU 35 calculates a low pressure
EGR gas amount LEGR and a high pressure EGR gas amount
HEGR that cause an increase in the temperature of the
exhaust gas passing through the NOx catalyst 20 according to
the operation state ol the internal combustion engine 1 and the
evaporativity J of the fuel. Then, the ECU 35 controls the
degree of opening of the low pressure EGR valve 5 and the
high pressure EGR valve 26 using the calculated values as
control target values for the low pressure EGR gas amount
and the high pressure EGR gas amount.

Examples of such setting of the low pressure EGR gas
amount and high pressure EGR gas amount include a setting
in which the high pressure EGR gas amount HEGR 1is
increased.

This enables to raise the temperature of the exhaust gas
passing through the NOx catalyst 20, and hence the time

taken by the catalyst temperature raising process can be short-
ened.

Next 1n step 211, the ECU 335 executes the catalyst tem-
perature raising process. Examples of the catalyst tempera-
ture raising process include a method of performing post
injection in the mternal combustion engine 1 and a method of
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adding a reducing agent to a catalyst having an oxidizing
ability provided upstream of the NOx catalyst 20 to raise the
temperature of the exhaust gas flowing into the NOx catalyst
20 making use of the reaction heat generated 1n the oxidation
reaction of the reducing agent.

In step 212, the ECU 33 detects the catalyst bed tempera-
ture Thed of the NOx catalyst 20. In the subsequent step 213,
the ECU 35 determines whether the detected value Tbed of
the catalyst bed temperature 1s higher than a target tempera-
ture Thbedtrg or not. In other words, the ECU 33 determines
whether the NOx catalyst 20 has been sulliciently activated or
not.

This 1s because the reduction reaction in the reduction
process Tor the NOx catalyst 20 1s hard to proceed 1n condi-
tions 1 which the NOx catalyst 20 1s not suiliciently acti-
vated. The target temperature Thedtrg 1s a temperature of the
NOx catalyst at which 1t may be determined that the NOx
catalyst 20 has been sufliciently activated to a condition 1n
which the reduction process for the NOx catalyst 20 can be
approprately performed. The target temperature Tbedtrg 1s
determined 1n advance by experiments.

If the determination 1n step 213 1s negative, the ECU 35
returns to step 212. The ECU 335 executes steps 212 and 213
repeatedly until an affirmative determination 1s made 1n step
213.

If determination 1n step 213 1s affirmative, the ECU 35
proceeds to step 214 with a determination that the NOX cata-
lyst 20 has been suificiently activated, and terminates the

catalyst temperature raising process.
In steps 215 to 217, the E

ECU 35 executes the reduction
process. First in step 215, the ECU 35 calculates the storage
capacity to spare Y of the NOx catalyst 20. The storage
capacity to spare Y 1s the amount of NOx that the NOx
catalyst in the current state can further store without losing its
NOx storage ability. Specifically, the storage capacity to
spare Y 1s calculated as the difference between the maximum
storage capacity of the NOx catalyst 20 at the current catalyst
bed temperature and the amount of NOx currently stored in
the NOx catalyst 20.

Here, the maximum storage capacity of the NOx catalyst
20 15 the maximum value of the NOx amount that the NOx
catalyst 20 can store without losing the NOX storage ability.
The maximum storage capacity of the NOx catalyst 20 1s
determined by the catalyst bed temperature, and 1t 1s deter-
mined 1n advance by experiments.

In step 216, the ECU 35 calculates a low pressure EGR gas
amount LEGR and a high pressure EGR gas amount HEGR
that make the NOx emission reducing effect achieved by the
exhaust gas purification system as a whole as high as possible
according to the operation state of the internal combustion
engine 1, the evaporativity J of the fuel and the storage capac-
ity to spare Y of the NOx catalyst 20. Then, the ECU 335
controls the degree of opening of the low pressure EGR valve
5 and the high pressure EGR valve 26 using the calculated
values as control target values for the low pressure EGR gas
amount LEGR and the high pressure EGR gas amount
HEGR.

Examples of such setting of the low pressure EGR gas
amount and high pressure EGR gas amount include a setting
in which the low pressure EGR gas amount LEGR 1s
decreased.

This enables to decrease the catalyst pass-through exhaust
gas amount, and hence a suificient time for reduction reaction
of the added fuel 1n the NOx catalyst 20 can be ensured to be
provided.

In cases where a fuel having high evaporativity J 1s used as

the added tuel, the added fuel evaporates 1 a short time to
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change the air-fuel ratio of the exhaust gas to be richer to a
large extent, but the time over which the air fuel ratio of the
exhaust gas 1s changed to be richer 1s short. There 1s a possi-
bility that a time suilicient for reduction reaction of the added
fuel 1n the NOx catalyst 20 1s not provided.

In view of this, the higher the evaporativity J of the added
tuel 1s, the larger the degree of decrease in the low pressure
EGR gas amount may be made.

This causes a decrease 1n the catalyst pass-through exhaust
gas amount, and hence a reaction time of the added fuel in the
NOx catalyst 20 can be ensured to be provided more reliably.

When the storage capacity to spare Y of the NOx catalyst
201s large, the reduction reaction of the added fuel in the NOx
catalyst 20 tends to proceed easily. In this case, accordingly,
the effect of the reduction reaction 1s hard to be decreased
even 11 the reaction time of the added fuel in the NOx catalyst
20 1s shortened to some extent.

In view of this, the larger the storage capacity to spare Y 1s,
the smaller the degree of decrease in the low pressure EGR
gas amount may be made.

This makes the change in the EGR gas amount with a
decrease 1n the low pressure EGR gas amount smaller, and
therefore changes 1n the torque and changes in the combus-
tion noise can be reduced. As a result, advantageous improve-
ment 1n the drivability can also be achieved.

By the above described steps 215 and 216, the low pressure
EGR gas amount and the high pressure EGR gas amount are
controlled to be made closer to the second set amounts from
the first set amounts. This may possibly decrease the effect of
reducing the amount of NOx generated 1n the internal com-
bustion engine 1 to some extent. However, the effect of reduc-
ing the NOx emission achieved by the exhaust gas purifica-
tion system as a whole can be enhanced by determining the
degree of decrease 1n the low pressure EGR gas amount 1n
such a way that the degree of improvement in the effect of the
reduction reaction becomes larger than the degree of the
alforementioned decrease of the effect of reducing the amount
of NOx generated 1n the internal combustion engine 1.

Next i step 217, the ECU 35 calculates a fuel addition
quantity QQad through the fuel addition valve 28 and a tfuel
addition 1nterval INT 1n accordance with the evaporativity
of the fuel.

In step 218, the ECU 35 controls the fuel addition valve 28
based on the fuel addition quantity Qad and the fuel addition
interval IN'T calculated 1n step 217 to perform fuel addition,
thereby starting the reduction process for the NOx catalyst 20.

In step 219, the ECU 35 determines whether a condition for
terminating the reduction process 1s met or not. The way of
determining the condition for terminating the reduction pro-
cess may be exemplified by determining whether or not the
storage capacity to spare of the NOx catalyst 20 has exceeded
a predetermined amount after a certain amount of NOxX has
been discharged from the NOx catalyst 20 by the reduction
process. The ECU 35 executes step S218 repeatedly until an
affirmative determination 1s made, and if an affirmative deter-
mination 1s made, the ECU 335 proceeds to step 220, where 1t
terminates the reduction process. Specifically, the ECU 35
controls the fuel addition valve 28 to stop the fuel addition.

Next 1n step 221, the ECU 35 changes the low pressure
EGR gas amount LEGR and the high pressure EGR gas
amount HEGR back to the first set amounts and terminates the
execution of this routine.

FIG. 3 includes graphs showing changes in the air-fuel
ratio of the exhaust gas passing through the NOx catalyst 20,
the catalyst pass-through exhaust gas amount and the amount
of NOx emitted from the NOx catalyst 20 with time when the
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above described routine of controlling the catalyst pass-
through exhaust gas amount 1s executed by the ECU 35.

In FIG. 3(1), the hornizontal axis represents time, and the
vertical axis represents the air-fuel ratio of the exhaust gas
passing through the NOx catalyst. In FIG. 3(1I), the horizontal
ax1s represents time, and the vertical axis represents the cata-
lyst pass-through exhaust gas amount. In FIG. 3(III), the
horizontal axis represents time, and the vertical axis repre-
sents the amount of NOx emitted from the NOx catalyst 20. In
FIGS. 3(I) to (III), the curves drawn in solid lines indicate
changes 1n the air-fuel ratio of the exhaust gas passing
through the NOx catalyst 20, the catalyst pass-through
exhaust gas amount and the amount of NOx emitted from the
NOx catalyst with time in the case where the control of the
catalyst pass-through exhaust gas amount according to this
embodiment 1s not performed, and the curves drawn in broken
lines 1indicate changes 1n the air-fuel ratio of the exhaust gas
passing through the NOx catalyst 20, the catalyst pass-
through exhaust gas amount and the amount of NOx emitted
from the NOx catalyst with time 1n the case where the control
of the catalyst pass-through exhaust gas amount according to
this embodiment 1s performed.

When fuel addition 1s carried out by the fuel addition valve
28 50 as to perform the reduction process for the NOx catalyst
20, the air-fuel ratio of the exhaust gas passing through the
NOx catalyst 20 temporarily becomes richer to a large extent
((A) 1n FIG. 3(I)). At this time, 1n the case where the control
of the catalyst pass-through exhaust gas amount 1s not per-
formed, the air fuel ratio of the exhaust gas returns to the
previous level 1 a short time ((A) in FIG. 3(I)) since the
catalyst pass-through exhaust gas amount does not decrease
((B)1n FI1G. 3(11)), while 1n the case the control of the catalyst
pass-through exhaust gas amount 1s performed, the state in
which the air-fuel ratio of the exhaust gas 1s shifted to a richer
level continues for a long time ((A') in FIG. 3(I)) since the
catalyst pass-through exhaust gas amount decreases ((B') in
FIG. 3(1I)).

As a result, 1n the case where the control of the catalyst
pass-through exhaust gas amount i1s performed, NOx emitted
from the NOx catalyst 20 1n the reduction process for the NOx
catalyst 20 1s reduced and removed more reliably and the
amount of NOx emitted from the NOx catalyst 20 1s reduced
((C")in FIG. 3(111)), as compared to the case where the control
of the catalyst pass-through exhaust gas amount i1s not
executed ((C) i FIG. 3(11)).

As per the above, by executing the catalyst pass-through
exhaust gas amount control routine by the ECU 35 upon
adding fuel, reduction 1n the amount of NOx generated in the
internal combustion engine 1 by the EGR and the reduction
reaction 1n the NOx catalyst 20 are both achieved favorably,
and the effect of reducing the NOx emission achieved by the
exhaust gas purification system as a whole can further be
enhanced, even 1n cases where the reduction process for the
NOx catalyst 20 1s performed while the EGR 1s being carried
out.

The embodiment described 1n the forgoing 1s an example
presented for the purpose of explanation, and various modi-
fications can be made to the above described embodiment
within a scope not departing from the essence of the present
invention. For example, 1n cases where a PM filter 200 on
which an NOx catalyst 1s supported 1s provided as an exhaust
gas purification apparatus instead of the NOx catalyst 20 1n
the embodiment described 1n the forgoing (a reference sign
tor the PM filter 200 1s indicated 1n parentheses in the FI1G. 1),
aregeneration process 1n which PM deposited on the PM filter
200 15 oxidized and removed by fuel addition will be per-
tormed. In the regeneration process, 1n order to discharge the
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reaction heat upon oxidation reaction of the PM to prevent
excessive temperature rise of the PM filter 200, the low pres-
sure EGR gas amount and/or the high pressure EGR gas
amount 1s controlled so as to increase the amount of the
exhaust gas passing through the PM filter 200 at the time of
tuel addition. Specifically, the low pressure EGR gas amount
1s controlled to be made larger at the time when the regenera-
tion process 1s performed. In this case, 1 order to aid a
temperature raising process for the PM filter 200 performed
betfore carrying out the regeneration process, the high pres-
sure EGR gas 1s controlled to be made larger at the time of the
temperature raising process, as 1s the case with the above
described NOx catalyst.

In the above described embodiment, a structure having an
NOx catalyst as an exhaust gas purification apparatus pro-
vided 1n the exhaust passage upstream of the point of connec-
tion with the low pressure EGR passage has been described
by way of example. This 1s the simplest structure presented to
described the effect of the present invention. In practice, one
or more other exhaust gas purification apparatuses may be
provided 1n the exhaust passage including the portion down-
stream of the point of connection with the low pressure EGR
passage, as a matter of course. In such cases, if there 1s an
exhaust gas purification apparatus having a reaction activity
characteristic that changes depending on the flow rate or
space velocity of the exhaust gas passing through the exhaust
gas purification apparatus, the characteristic effect of the
present invention that the exhaust gas purification ability can
be performed more effectively can be achieved as with the
NOx catalyst 1n the above described embodiment by provid-
ing 1t 1n the exhaust passage upstream of the point of connec-
tion with the low pressure EGR passage.

INDUSTRIAL APPLICABILITY

With the exhaust gas purification system according to the
present invention, even in the case where exhaust gas purifi-
cation by an EGR apparatus and exhaust gas purification by
an exhaust gas purification apparatus are performed in the
same period 1n an exhaust gas purification system provided
with the EGR apparatus and the exhaust gas purification
apparatus, both the exhaust gas purifications are performed 1n
a preferable manner, and the exhaust gas purification effect
achieved by the exhaust gas purification system as a whole
can be enhanced as much as possible.

The invention claimed 1s:

1. An exhaust gas purification system for an internal com-

bustion engine, characterized by comprising:

an exhaust gas purification apparatus that purifies exhaust
gas discharged from the internal combustion engine;

a Tuel addition apparatus that supplies fuel from upstream
of said exhaust gas purification apparatus;

a turbocharger including a turbine provided in an exhaust
pipe upstream of said exhaust gas purification apparatus
and a compressor provided at a point 1n an intake pipe of
said internal combustion engine;

a high pressure EGR apparatus that recirculates a portion
of exhaust gas in the exhaust pipe upstream of said
turbine 1nto the intake pipe downstream of said compres-
SOT';

a low pressure EGR apparatus that recirculates a portion of
exhaust gas 1n the exhaust pipe downstream of said
exhaust gas purification apparatus 1nto the intake pipe
upstream of said compressor;

a control unit for controlling the amount of the exhaust gas
recirculated by said high pressure EGR apparatus and/or
the amount of the exhaust gas recirculated by said low
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pressure EGR apparatus to control the amount of the
exhaust gas passing through said exhaust gas purifica-
tion apparatus when fuel 1s supplied to said exhaust gas

purification apparatus from said fuel addition apparatus;
and

a filter regeneration unit for performing a filter regenera-

tion process ol oxidizing particulate matter collected on
a PM filter provided 1n said exhaust gas purification
apparatus by supplying fuel to said PM f{ilter from said
tuel addition apparatus,

wherein when said filter regeneration process 1s performed,

said control unit makes the amount of the exhaust gas
recirculated by said low pressure EGR apparatus larger
as compared to when said filter regeneration process 1s
not performed.

2. An exhaust gas purification system for an internal com-
bustion engine according to claim 1, characterized by further
comprising a filter temperature raising unit for performing a
filter temperature raising process of raising the temperature of
said PM filter before performing said filter regeneration pro-
cess, wherein when said filter temperature raising process 1s
performed, said control unit makes the amount of the exhaust
gas recirculated by said high pressure EGR apparatus larger
as compared to when said filter temperature raising process 1s
not performed.

3. An exhaust gas purification system for an internal com-
bustion engine, characterized by comprising:

an exhaust gas purification apparatus that purifies exhaust

gas discharged from the internal combustion engine;

a Tuel addition apparatus that supplies fuel from upstream

of said exhaust gas purification apparatus;

a turbocharger including a turbine provided in an exhaust

pipe upstream of said exhaust gas purification apparatus

and a compressor provided at a point 1n an intake pipe of ;

said mternal combustion engine;

a high pressure EGR apparatus that recirculates a portion
of exhaust gas in the exhaust pipe upstream of said
turbine 1nto the intake pipe downstream of said compres-
SOT';

a low pressure EGR apparatus that recirculates a portion of
exhaust gas 1n the exhaust pipe downstream of said
exhaust gas purification apparatus into the intake pipe
upstream of said compressor;

a control unit for controlling the amount of the exhaust gas
recirculated by said high pressure EGR apparatus and/or
the amount of the exhaust gas recirculated by said low
pressure EGR apparatus to control the amount of the
exhaust gas passing through said exhaust gas purifica-
tion apparatus when fuel 1s supplied to said exhaust gas
purification apparatus from said fuel addition apparatus;
and

a reduction unit for performing a reduction process of
reducing NOx or SOX stored 1n a storage reduction type
NOx catalyst provided 1n said exhaust gas purification
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apparatus by supplying fuel to said NOx catalyst from
said tuel addition apparatus,

wherein in cases where recirculation of exhaust gas 1s

performed by said low pressure EGR apparatus at the
time when said reduction process 1s being performed,
said control unit decreases the amount of the exhaust gas
recirculated by said low pressure EGR apparatus as
compared to when said reduction process 1s not being
performed.

4. An exhaust gas purification system for an internal com-
bustion engine according to claim 3, characterized by that i
the temperature of said NOx catalyst at the time when said
reduction process 1s performed 1s lower than a predetermined
temperature, said control unit makes the degree of said
decrease small.

5. An exhaust gas purification system for an internal com-
bustion engine according to claim 3, characterized in further
comprising a catalyst temperature raising unit for performing
a catalyst temperature raising process of raising the tempera-

0 ture of said NOx catalyst before said reduction process 1s
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performed, wherein when said catalyst temperature raising,
process 1s performed, said control unit makes the amount of
the exhaust gas recirculated by said high pressure EGR appa-
ratus larger as compared to when said catalyst temperature
raising process 1s not performed.

6. An exhaust gas purification system for an internal com-
bustion engine according to claim 3, characterized in that
when said reduction process 1s not being performed, said
control umt controls the amount of the exhaust gas recircu-
lated by said high pressure EGR apparatus and/or the amount
of the exhaust gas recirculated by said low pressure EGR
apparatus so that the temperature of said NOx catalyst falls
within a predetermined temperature range.

7. An exhaust gas purification system for an internal com-

5 bustion engine according to claim 3, characterized in that said

control unit controls the amount of the exhaust gas recircu-
lated by said low pressure EGR apparatus and/or the amount
of the exhaust gas recirculated by said high pressure EGR
apparatus in accordance with a nature of fuel supplied from
said fuel addition apparatus.

8. An exhaust gas purification system for an internal com-
bustion engine according to claim 3, characterized 1n that said
control unit determines the degree of said decrease 1n accor-
dance with the amount of NOx that can further be stored 1n
said NOx catalyst at the time when said reduction process 1s
performed.

9. An exhaust gas purification system for an internal com-
bustion engine according to claim 8, characterized in that said
control unit controls the amount of the exhaust gas recircu-
lated by said low pressure EGR apparatus and/or the amount
of the exhaust gas recirculated by said high pressure EGR
apparatus in accordance with a nature of fuel supplied from
said fuel addition apparatus.
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